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THEEFFECTSONTEEAERODYNAMICCHARACTERISTICSOF

VARYINGTHEWINGTHICKNESSRATIOOFA TRIANGULAR

WING-BODYCONFIGURATIONATTRANSONICSPEEDS

Testswere
0.75to1.07to

FROMTESTSBYTHljNACAWING-FLOWMETHOD

ByAlbertW. HallandJsmesM. McKay

SUMMARY

madeby theI?ACAwing-flowmethodatMachnumbersfrom
determinetheaerodynamiccharacteristicsofthree

triangularwing-fuselagemodelswhichdifferedonlyinwingthickness-
chordratio.Allthreewingshadan aspectratioof2.31with6-, 9-,
and12-percent-tlxickbiconvexsectionsandthefuselagehada fineness
ratioof 12.

Measurementsweremadeofnormalforce,chordforce,andpitching
momentforvariousanglesof attack.TheReynoldsnuniberofthetests
wasapproximately1.5X 106basedonthemeanaerodynamicchordofthe
modelwing.

Theeffectsofincreasingwingthicknessontheliftandpitching-
momentcharacteristicswere mostpronouncedat liftcoefficientsnear
zeroandatMachnumbersbelow1.0. Fortheseconditionstherewasa
markeddecreaseinthelift-curveslopeasthewingthicknessincreased,
particularlyfrom9 to 12percent,andtherewasa muchgreatervariation
inaerodynamic-centerpositionwithMachnuniber.At Machntiersof1.0
andgreateror athigherliftcoefficients(about0.3)theeffectsof
wingthicknesswererelativelysmall.Thevariationofzero-liftdrag
withwingthicknessthroughtheMachnuniberrangeofthesetestsshowed
reasonablecorrelationwiththetransonicsimilaritylaw. Dragdueto
liftappearedtobe verylittleaffectedlythevariationsinthickness
andMachnumbers.

.
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INTRODUCTION

NACARM L72B18

As partofa programtodetermin~theeffectofwingsection,plan
form,andtticknessontheaerodynamicch~acteristicsoftriangular
wingsattransonicandlow-supersonicspeeds,severalwing-fuselage
modelshavebeentestedby theNACAwing-flowmethod.Previousreports
havepresentedtheeffectof sectionshapeontheaerodynamiccharac-
teristicsoftwotriangularwings(reference1),theeffectofreversing
a triangularwingon a fuselage(reference2),andtheaerodynamic
characteristicsoftwotriangularwing-fuselagemodelsata Machnumber
of1.25(reference3). Thepresentpaperpresentstheaerodynamic
characteristicsat transonicspeedsofthreewing-fuselagemodelsdif-
feringonlyinwingthickness-chordratio.Thethreemodelshadtrian-
gulsrwingsof aspectratio2.31with6-,9-, and12-percent-thick
biconvexsections.Measurementsweremadeofnormalforce,chordforce,
andpitchingmomentatvariousanglesofattackthrougha Machnumber
rangeof0.75to1.07.

M. localMachnumberat surfaceoftestsection
Jd

M effectiveMachnumberatwing

~ effectivedynamicpressureat
squarefoot

R Reynoldsnumber

a angleofattack

6 halfapexangle

basedonmean

ofmodel

wi~’ofmodel,poundsper

aerodynamicchordofmodel

ofmodelwing,degrees

ofmodelwing,degrees

s semispan-wingareaofmodel,squarefeet

b/2 spanofmodelwing,inches

c localwingchordofmodel,inches

()Jb/2
c2dY

5 0meanaero@mnicchordofmodelwing,inchesc

J

b/2
Cdy

o
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t/c wingthickness-chordratio
( )

Ma@mumthickness
Chord

Y spanwisecoordinate,inches

L lift, pounds
.

M’ pitchingmomentabout50-percent-Epoint,inch-pounds

D drag,pounds

cm
.

CD

c%
CDO

liftcoefficient(L/qS)

pitching+nomentcoefficient(M/qSE)

dragcoefficient(D/qS)

pressuredragcoefficientofwingalone

dragcoefficientat zerolift /

aspectratio (4tanc)

rtieof changeof liftcoefficientwithangleofattack

3

averageratioofincrementof dragcoefficientabove
minimumto sqyareoftheincrementoflift’measuredfrog
thatcorrespondingto,minimumdragcoefficient

(@*) ~ ‘.
rateof change
coefficient

ofpitching-momentcoefficientwithlift

.—-—:- ____
cm?IDRwQY-:—
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APPARATUSANDTESTS

Thetes@ weremadeby theNACAwing-flow

.-
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methodinwhichthemodel
wasmountedin a regionofhigh-speedflow-overthewingofa North
AmericanF-51Dairplane.

Thethreemodelstesteddifferedonlyinwingthickness,having
triangularwingsofaspectratio2.31(6= 30°)with6-, 9-, and12-
percent-thickbiconvexsections.Thefuselageofeachmodelwasa
half-bodyofrevolutionhavinga finenessratioofI-2withitscenter
linecurvedto fitthecontourofthetestsectionandwasfittedwith
an endplate.Themodelsweremounte’dabout1/16inch(forlow a tests)
and1/8inch(forhigh a tests)abovethesurfaceofthetestsection
andfastenedto a strain-gagebalancebelowthetestsectionbymeans
of a shankwhichpassedthrougha holeinthetestsection.“This
differenceinmodelheightabovethetestsurfacewasa resultofthe
curvatureofthemodelandtestsurfacewhichmademoreclearance
necessaryforthemodelto oscillatetohi-r angles.Themodeland
balanceoscillatedtogether;thusnormalforce,chordforce,andpitching
momentcouldbemeasuredatvariousanglesofattack.Detailsofthe
modelsaregivenintablesI andIIandfigures1 and2.

ThechordwisedistributionoflocalMachnumberML alongthe

airplanewingsurfaceinthetestregionisshowninfigure3 forseveral
valuesofairplaneMachnumberandliftcoefficient.TheeffectiveMach
numberM atthewingofthemodelisalsoshownforeachcurve.The
localMachnumberwasdeterminedfromstatic-pressuremeasurementsmade
withorificesflushwiththesurfaceintestswiththemodelremoved.

.

TheverticalMachnumberwadientwas0.009perinchas determinedfrom
measurementsmadewitha static-pressuretubelocatedatvariousdis-
tancesabovethesurfaceofthetestsection.TheeffectiveMachnumber
atthewingofthemodelwasdeterminedas anaverageMachnumberover
thewingareaofthemodel.A moredetaileddiscussionofthedeter-
minationofeffectiveMachnumberandeffectivedynamicpressureq
canbe foundinreference4.

Theangleofattackwasdeterminedfrommeasurementsofmodelangle
andlocalflowangle.Thelocalflowanglewasdeterminedby a free-
floatingvanemountedoutboardofthemodelstationas discussedin
reference4.

Thetests-weremadeduringhigh-speeddivesoftheF-51..Dairplane.
Continuousmeasurementsweremadeof angleofattack,riormalforce,
chordforce,andpitchingmomentas M variedfrom1.07to0.75andas
themodelwasoscillatedthroughtheangle-of-attackrange.Themodels
withthe6- and9-percent-thickwingswereoscillatedthroughan .

.—.— —- —. ——- —
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angle-of-attackrangeof -3°to10°. Thenthemodelswiththe6- and
12-percent-thickwingswereoscillatedthroughanangle-of-attackrange
of -3°to22°usinga lesssensitivestrain-gagebalancethanwasused
forthelow-angletests.TheReynoldsnuniberrangeforthetestsis
showninfigure4.

KEDUCTIONOFDATA

Lift,drag,andpitching-momentcoefficientsarebasedonthewing
areaextendedtothefuselagecenter,lineas showninfigure2. Pitching
momentsarereferredtothe50-percentmean-aerodynamic-chord_point.

Correctionshavebeenappliedtothedragdatafortheeffectof
buoyancyonthefuselageduetopressuregradientsinthetestregion.
Buoyancyeffectsonthewingswerefoundtobe negligible.No attempt
hasbeenmadeto correctthedragdatafortheeffectofthefuselage
endplate.Aeroelasticeffectswereconsiderednegligibleandno
correctionswereapplied.

Thebasicdatawereredqcedforseveralcycles,eachcyclebeinga
completeoscillationthroughtheangle-of-attackrange.TheMachnumber
foreachcyclewasdeterminedastheaverageeffectiveMachnuniberM
fromthebeginningto theendofthecycle.Therewerea numberof

,. cyclesrecokdedwhiletheMachnumbervariedfrom1.07to0.75;hence
theaverageM wasveryclosetothe M atthebeginningorendof
thecycle.Thesedatainthebasicformaregiveninfigures5, 6,

“ and7 fora fewMachnumbers.Theseandothercycleswerecross-plotted
to showvariationsoftheaerodynamiccharacteristicswith M at
constantliftcoefficients.

RESULTSANDDISCUSSION

LiftCharacteristics

t

ThevariationofliftcoefficientCL withangleofattacka

is showninfigure5 forrepresentativesubsonic,transonic,andlow-
supersonicMachnumbers.Theliftcurvesforthehigh-angletestsof
the6- and12-percent-thickwingsindicatea breakoccurringaround
a= 15° and a = 14°,respectively,forsubsonicMachnumbers(M= 0.760
to 0.751).Theliftcoefficientatwhichthisbreakoccursis approx-
imately0.2lowerforthe12-percent-thickwingthanforthe6-percent-
thickwing. Thisbreaksmoothsoutas indicatedbythecurvesfor M
appro~tely 1.00anda completestalloccursatanglesofattack
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of20°to22°. At subsonicspeedsaninflectionpointisindicated
(wherelift-curveslope’beginsto increase)atlowangles(30to 6°) ‘
foreachoftheconfigurationstestedandthisinflectionbecomesmore
pronouncedasthewingtliiclmesst/c increasesfrom0.06to0.09
to0.12.Theinflectionsdisappearas M approaches1.00anda smooth
variationexistsupto thestall(approximately20°to220).Thecurves
presentedforthe6-percent-thickconfigurationtestedthroughthelow
a rangeusinga balanceofhighersensitivitythanthatusedforthe
high a testsindicatea lowerlift-curveslope.Thereseemstobe no
explanationforthisdifferenceotherthantheuseofdifferentbalances
tomeasuretheforces.

Thevariationof a with M atconstantvaluesof C. isshown
‘infigure.8forthethreeconfigurationstested.Thesecurvgs show a

breakwhichincreasesinintensityasthewing t/c increases,andthe
Machnumberatwhichthisbreakoccursdecreasesasthewing t/c
increasesfrom0.06to0.09toO.K?.

Thevariationoflift-curveslopedCL/daat CL = O and CL = 0.3
with M isshowninfigure9 forthethreeconfigurationstested.Also
shownfor “CL= O srecalculatedvaluesof dCL/daobtainedbythemethods
giveninreferences5 and6 andtestvaluesof dCL/daforthe6-and9-
percent-thickconfigurationsat M = 1.25 fromreference3.

Theresultsforthe ~ = 0.06 confi~ation,at CL = O, arein

reasonablea~eemehtwithsubsonictheoryup toa valueof M = 0.975.
ResultsaboveM = 1.00 consideredin conjunctionwithprevioustests
atM= 1.25 (reference3) indicatea trendoverthisrangesimilarto
thatforsupersonictheory(reference6)buttheactualvaluesare15
to 20percentlessthanthetheoreticalvalues.

Fora @ven M at CL = O thevaluesof dCL/dadecreaseasthe

wingthicknessincreases,particularlybetween~ = 0.09and0.12.The

@3dX?St differenceoccursnear M = O.~ wh’eredC!L/daforthe # . 0.12 ‘
t –0.06 wiw.wingisonly60percentofthatforthe ~ - Thedifferences

in dCL/tibecomesmallerbetweenM =.1.00and.1.07.At CL = 0.3
theeffectofthicknessalmostdisappearsat M below0.90although
aboveM = 1.00 theeffectsofthicknessareaboutthesameasat
CL = 0“

?-cm’”mml.wy
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DRAGCHARACTERISTICS

7

ThevariationofdragcoefficientCD withCL forseveralMach
numbersis showninfigure”6forthethreewing-fuselageconfigurations.
Thevariationof CD with M atconstantvaluesof CL is shownin
figure10forthethreeconfigurations.Thevariationofdragcoef-
ficientat zerolift CDO with M forthethreeconfigurationsshows

a decreaseinthedrag-riseMachnuder as t/c increasesfrom
0.06to0.09to0.12. The Cjo curvesalsoindicateanincreasein

theamountofdragrisefromsubsonicto supersonicspeedsas t/c
increases.Dueto limitationsinvolvedinthesemispantesttechnique
andtheunknowneffectsofthetest-sectionboundarylayerand-the
effectsoftheendplate,theabsolutevaluesof CD -e probably
incorrectbutit isbelievedthatthevariationswith M, theamount
of dragrise,andthedifferencesbetweeneachconfigurationareofthe
correctorder.

‘DThedragdueto liftisrepresentedby thefactor— andthe
~L2

variationofthisfactorwith M is showninfigure11fortherange
of CL fromO to0.3forthethreeconfigurations.Forthe
t- = 0.06 configurationthevariationispracticallyconstantoverthec
Machnumberrangetestedandthevariationisrelativelysmallforthe

thickerwing.
A%

ThroughouttheMachnumberrangethevaluesof —
&L2

areslightlylowerforthe ~ = 0.12 configurationthanforthe

t– = 0.09 configurationeventhoughthevaluesofc dCL/tiweregreater

forthe ~ = 0.09 configurationthanforthe ~ = 0.12 configuration.c

Theresultsofa correlationof thezero-liftdragcharacteristics
ofthethreeconfigurationsby anadaptationoftransonicsimilarity
lawsareshowninfigure12. Actuallythesimilaritylawsweredeveloped,
forpotentialflowandhencewouldnotbe expectedtobe rigorously
applicabletotheresultsofthepresentinvestigationoranyinvesti-
gationinvolvingviscousflow. Despitethislimitationit appeared
desirableto determinehowwelltheresultscouldbecorrelated.

Usewasmadeof oneformofthelawforfinitewingsaspresented
. inreference7 whichdealsprimarilywithstraightwings,butit is

.
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pointedoutinreference7 thatthesimilaritylawsfordeltawings
areby coincidencethesameas forstraightwings.In applyingthe
shilaritylawtothepresentdata,thatpartofthedragofthemodels
dueto fuselage,endplate,andskinfrictiononthewinghadto1+
subtractedfromthemeastiedvalues(sincethesimilari~relations
applyonlytothepressuredragofthewingalone).Intheabsenceof
directmeasurementsthisdragcorrectionshowninfigure12(a)was
determinedby a least-squaressolutionwhichinvolvedthemeasuredCDO

andthestisrityparametersforwhicha linearvariationbetween

% “and 1
q(Y o wasassumed(overtherangeof airfoilthiclmesses

A~/3
c c r,

usedinthetests)ata constantvalueoftheparameterjll?-116
(+13—

Theaveragecorrectiondragforseveralvaluesof Jti.tewned

0
~ ~/3
c

by thismethodwasconibinedwiththedragrisedetermined~yfree-fall
testsof a bodyhavi’nga thicknessdistributionshilarto thefuselage
usedinthepresenttests.Thedragcorrectiondeterminedlythismethod
is notstrictlycorrect,sinceitassumesthattheviscouseffectscan
alsobe correlatedo“nthebasisof similari~parameters.Someuncer-
taintymayalsobe introducedbythedragriseusedforthefuselageas
obtainedfromfree-falldataforconsiderablyhigherReynoldsnmibers.
ThedifferenceC betweenthemeasuredCDO andtheestimated

%.
correctiondragcoefficientisplottedinfigure12(b)asa variation

of c% ~th =

m

forthethreewingthicknesses.According
t 3

(Y
t /3

z. F

tothesimilaritylawstheparameterc%

()
: 5/3

shouldvw consistently

c

with “ 1. forgivenvaluesof m.

(Y
? /3

Thepresentdataused

0
g 1/3

c c
inthiscorrelationapparentlywerenot-sufficientlyaccurateor exten-
siveto establishanysuchconsistentvariation.In orderto determine
howwellthedragcoefficientcouldbe predicted,eventhoughthevsri-c~ ‘~thtionof —

0
2 5/3 A -1 /3

rY

wasneglectedfortherangeofvalues

c c *+..”.. -1

.

.

-.

..- — . —— .—— –———z—.— _
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of 1 of

0
: /3
c

=’–~= 7 9-,_—-.—-—..

thepresenttests,a singlecurvewasfairedthroughthe

data(fig.12(b)). Thevaluesof CD werecalculatedfromthis
o“

fairedcurvefor t-= 0.06,0.09,andO.12 andarecomparedinc
figure12(c)withcorrespondingexp-erimentalres~ts. Thecomparison
in.figure12(c)indicatesa reasonablecorrelationdespitethefact

thatby omissionofthepsrameter
‘-+
T)

theanalysisiseffectively

.7 .,

two-dimensional.

Pitching-MomentCharacteristics

Thevsriationofpitching-momentcoefficientCm with ~ at

vsriousMachnumbersis shownin figure7 forthethreeconfigurations.
tThecurvesgivenat M nesr0.75and0.92forthe ~ = 0.06 config-

urationshowa nearlylinesrvsriationof Cm with CL up tothe

stall,whereasthecorrespondingcurvesforthethickerwingconfigu-
rations(9,and12percent-thick)showa lessstablevariationat low
vsluesof CL thanathighervaluesof CL. Thistendencytoward

a morestablebreakisprobablyassociatedwiththepreviouslymentioned
‘inflectionsintheliftcurvesgivenforthetwothickerwingconfig-
urationsattheselowerMachnunibers.At higherMachnumibers.(nesr
M = 1.00and1.07)thevsriationof Cm with CL is similar)forall

threeconfigurationsandhastheoppositetendencycomparedto the
vsriationat lowerMachnumibersexhibitedby thethickertings (thatis,
morestableslopenear CL =0).

Thevsriationof Cm with M at constantvalues of CL iS ShOWn

infigure13forthethreeconfigurations.As wasnotedinthelift
curvesthereisdisagreementbetweenthelow-an~eandhigh-angletests

t
.

ofthe - = 0.06 configurations.Althoughthere-isdisagreementin
c

themagnitudeofthevaluesof Cm at @ven valuesof CL,thevsri-

ationwith M is similar forbothtests.

Thevariationofaerodynamic-centerlocationwith M at CL= O

. and ~ =0.3 is givenin figurelh forthethreeconfigurationstested.

- —..—-—— .— -— .= . — —-—
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An effectofwingthicknesson aerodynamic-cent=locationat ~ = O

is indicatedforvaluesof M< 1.00. Forthe ~ = 0.06 configuration
.

c
theaerodynamiccentermovedrearwardabout8 percentofthemean
aerodynamicchord C astheMachnumbervariedfrom0.75to 1.00.For

( )
thethickerwingconfigurations~ = 0.09 and ~ = 0.12 therewasan

initialforwardmovementoftheaerodynamiccenterofapprddmately7
and12percente followedby a rapidrearwardmovementoftheaero-
dynamiccente~at M between0.90and1.00of22 and29percent~,
respectively.At M >1.(YItheaerodynamic-centerlocationwasabout
thesameforallconfigurations?At ~ = 0.3 thethicknessofthe
winghadlittleeffectontheaerodynamic-centerpositionat anyMach
n~er intherangetested.

CONCLUDING

Testshavebeenmadeby theNACAwing-flowmethodatMachnumbers
between0.75and1.07on threetriangularwing-fuselagemodelswhich
differedonlyinwingl%ickness-chordratio.Allthreewingswereof
aspectratio2.31with6-,9-,and12-percent-thickbiconvexsections
andweremrmntedona fuselageoffinenessratio12.

Theeffectson theliftandpitching-mamentcharacteristicsof
increasingwingthicknessweremostpronouncedatliftcoefficients
nearzeroandatMachnumbersbelow1.00. Fortheseconditionsthere
wasa markeddecreaseinthelift-curveslopeasthewingthickness
increased,particularlyfrom9 to12percent.Withincreaseinwing
thickness,therewasa muchgreatervariation’inaerodynamic-center

●

~ositionastheMachnumbervariedupto 1.00.,AtMachnunibersof1.00
and~eateror athigherliftcoefficients(about0.3)theeffectsof
wingthicknesswererelativelysmall.Thevariationof zero-liftdrag
withwingthicknessthroughtheMachmxiberrangeofthesetestsshowed
reasonablecorrelationwiththetransonicsimilari~law. Thevariation
ofwingthicknessorMachnumberappearedto havelittleeffecton drag
dueto lift.

LangleyAeronauticalLaboratory
~ationalAdvisoryCommitteeforAeronautics

LangleyField,Va.
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TABLEI

GeometricCharacteristicsofModelConfigurations

Fuselage:
Section. . . . . . . . . . . Modified
Length,in. . . . . . . . . .
Maximumdiameterat50percent
length,in. . . . . . . . .

Finenessratio . . . . . . . .

wings:
Section.. . . . . . . . . . .
Thicknessratio,percentchord
Modell. . . . . . . . . . .
Mode12. . . . . . . . . . .
Mode13 .,.. . . . . . . . .

Aspectratio . .. . . . . . .

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

Semispan-wingareaincludingprojected
areaofwinginfuselage,sqin. . .

E,in. . . . . . . . . . . . . . . . .
Dihedraljdeg. . . . . . . . . . . . .
Incidence,deg . . . . . . . . . . . .

65-series
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

✎

✎

✎

✎

✎

.

.
●

✎

✎

✎

✎

✎

✎

✎

✎

✎

.

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

bodyof
.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
6

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

✎

✎

.

.

.

.

.

.

.

.

.

.

.

.

revolution
.

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

14.00

. 1.17

. 12

Biconvex

. . . 6

. . . 9

. . . 12

. . 2.31

. 10.78

. . 4.07
● .0 o
. . . 0

Q

,.

—.——— ..— —. —.
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TABLEII

ORDINATESFORFUSELAGE

[
Allddmensiomareh inches1

SectionM

AKR

I
A Fuselagecentertie

(curved)
1

$
1

I

k--x--l A-d

x
o
,070
.105
.175
● 350
● 700

1.050
1.MO
2.100
2.800
3.500
4,200
4.goo

Y

o
-----
.006
.011
.022
.042
.059
.075
.102
.124
.140
.153
.162

R

o
.032
.042
.06
.101
.16g
.226
.276
.363
● 433
.485
.524.
.551

x
pQ&
7:000
7.700
8.400
9.100
9.800

10.%0
IJ.200
u.~o
X2.&)o
13.300
14.000

o.16g
.177
.188
.187
.181
.171
.157
● 140
.X24
.082
.064
.035

0

R’

0.569
●5W
● 583
.578
.563
;:;;
.438
.354
.267
.178
.089

0

...— .——

~-- –..._

.

— —
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Figure 1.- Photograph of BmiEpan wing-fuselage model and end plate.
A = 2.31; g-percent-thickbiconvex section.
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Figure 2,- Detailsof wing-fuselage model (all dhe~ ions are In inches). GI
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Figure 3.-Typical chordwiee varktion of Mach number in the
on the surface of the airplane wing for several effective
at the wing of the model. Chordwise location of model ia

test region
Mach numbers
dSO shown.
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Figure 4.- Vexiation of test Reynolds number with effective Mach number.
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Ffgure6.- Variationofdragcoefficientwithliftcoefficientforseveral
Machnumbersfortheconfigurationstested.
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